Introduction
Bioerosion described as all types of biological erosion by Neumann (1966) is formed by living organisms in hard substrate including lithic and woody strata (Bromley, 1992) . It generally comprises (i) internal microbioerosion by boring cyanobacteria, algae, and fungi, (ii) internal macrobioerosion by boring sponges, worms, and bivalves, and (iii) external bioerosion by grazing gastropods, vechinin, and fish (e.g., Glynn, 1997; Tribollet et al., 2011) . It may be in different sizes from micrometers to centimeters or more (Pawłowska et al., 2008; Wisshak et al., 2008) . Microborings produced by cyanobacteria, fungi, and algae include pits, channels, and tunnels of around only 10 µm in diameter (Pawłowska et al., 2008; Wisshak et al., 2008) . A bioeroder may be any organism that erodes another organism or rocks or derived lithoclasts. A number of studies about foraminiferal bioeroders or biorosion of their tests are available (e.g., Banner, 1971; Le Calvez, 1972; Golubic et al., 1984; Peebles and Lewis, 1988; Shroba, 1993; Freiwald, 1995; Perry, 1998; Nielsen et al., 2003; Golubic et al., 2005; Crevison and Hallock, 2007) . Studies on larger benthic foraminifera by Baumfalk et al. (1982) , Görmüş and Sagular (1998) , Nielsen and Görmüş (2004) , Görmüş et al. (2005) , Görmüş and Nielsen (2006) , and Sengupta and Nielsen (2009) have led to the recognition of various bioerosional trace fossils. In the literature, parasitic smaller foraminifera in larger foraminifera tests were reported by Banner (1971) , Baumfalk et al. (1982) , Görmüş and Sagular (1998) . Le Calvez (1972) recorded that foraminifera had lived in dead mollusc shells as a hermit. Due to different interpretations for microborings, hermit or parasitic life modes are controversial. Cyanobacteria, green and red algae, fungi, molluscs, and other organisms micron in size may also bioerode larger benthic foraminifera millimetres in size as a calcareous substrate. Microborings made by smaller benthic foraminifera and other organisms are remarkable microtraces in tests of the larger benthic foraminifera Orbitoides from the central and northwestern Ankara (Turkey). Tunnels, grooves, and caves are common (Nielsen and Görmüş, 2004; Görmüş et al., 2005; Görmüş and Nielsen, 2006) . The aims of the study were to identify the ichnospecies and to describe their characteristics on or in the larger benthic foraminifera, and discuss their environmental conditions inside the upper Cretaceous sediments of Nallıhan (NW Ankara) and Haymana (S Ankara) districts.
Materials and methods
The described materials are from various Maastrichtian occurrences near Ankara, central Anatolia (Figure 1 ). The Maastrichtian siliciclastics from the Nallıhan (NW Ankara) and Haymana (S Ankara) districts include abundant benthic foraminiferal association. Fieldwork and laboratorial work were carried out on the Orbitoides tests and their bioerosional structures from measured sections at Dereköy, Güzelöz, Sivritepe, Yeşilyurt, Emincik and Gökçeöz (Nallıhan, NW Ankara) and Sarıdeğirmen, Ahırlıkuyu, Haymana (Haymana, S Ankara). Samples from these stratigraphical sections were evaluated. To begin, external parameters, diameter (d) and thickness (t) of each test were measured by micrometer. Some bioerosional structures were also photographed before being thin sectioned. Equatorial sections of at least 15 Orbitoides tests from each sample were then prepared to see the initial part and equatorial chamberlets. Among 500 Orbitoides equatorial sections, more than seventyfive bioerosional structures in the Orbitoides tests were analyzed.
Geological setting
In the Haymana area, the siliciclastics of the Haymana and Beyobası Formations also contain abundant Orbitoides. 
Results

Occurrences of Orbitoides
The Maastrichtian medium-grained siliciclastics of two significant areas in the Central Anatolia namely Nallıhan (NW Ankara) and Haymana (S Ankara) include rich Orbitoides levels. In both areas, the Orbitoides abundance biozone (O. gruenbachensis Papp -O. apiculatus Schlumberger) is seen in the Maastrichtian siliciclastics.
In the Nallıhan area, the Çeğiköy reef member of the Nardin (=Yenipazar) Formation is mainly composed of reefal occurrences. Patch reefs and locally fringing type reefs comprise abundant hippurits in the Yeşilköy area and other rudists in the Gökçeöz and Emincik areas. Orbitoides tests are mainly observed in the fore reef siliciclastics around the Yeşilyurt, Emincik and Gökçeöz. Another level of abundant Orbitoides tests is within the siliciclastics of the Taraklı Formation around the Sivritepe (Figures 6A and 6B), Dereköy (Figures 6C and 6D) , and Güzelöz ( Figure 6E ). The locations are also important for the K/Pg boundary. The abundance of Orbitoides within fine-grained sandstones and siltstones around the Güzelöz reaches up to 30% of the bulk rock. Rhythmic sandstones and calcareous sandstones dense in Orbitoides were measured more than 40 m in thickness. Other larger and smaller benthic foraminifera are rare. Associated benthic foraminifera are Hellenocylina beotica, Laffitteina bibensis, Marssonella oxycona, Omphalocyclus macroporus, Selimina spinalis, Sırtina orbitoidiformis, Sulcoperculina vermunti, Siderolites calcitrapoides, Pseudosiderolites vidali, Lepidorbitoides sp. Postomphalocyclus sp., Pseudomphalocyclus sp., Simplorbites sp., textulariid, miliolid, lageniid, and rotaliid. Planktic foraminifera such as Globotruncana sp. are dominant within the fine-grained siliciclastics. Algae, bryozoans, coelenterate (abundant Cyclolites sp.), rudist, echinoid, abundant bivalves (Exogyra sp., Chlamys sp., Cardium sp. and Spondylus sp.), gastropods (Natica sp., Turritella sp.), and ammonoids are also present.
In the Haymana area, siliciclastics and sandy limestones in the middle part of the Haymana Formation contain abundant larger benthic foraminiferal assemblage ( Figure  6F ). Fine-grained sandstones at the top of the Haymana Formation outcropping in the Ahırlıkuyu ( Figure 6G ) and Sarıdeğirmen ( Figure 6H ) towards the K/Pg boundary also comprise an Orbitoides abundance biozone ( Figure 6I ). Maeandropolydora Voigt, 1965 Maeandropolydora osmaneliensis Nielsen and Görmüş, 2004 Figure 7.1-11 1998 Maeandering tunnels -Görmüş and Sagular, p. 61, pl. 1, fig. 1 -3, pl. 2, fig. 3-4. 2004 Maeandropolydora osmaneliensis isp.nov. Nielsen and Görmüş, p. 497, .
Systematic ichnotaxonomy
Description: Narrow meandering long tunnels are the characteristic features of these borings. Some tunnels pass through the embryo of the Orbitoides tests. The diameter of the cylindrical tunnels ranges between 0.15 and 0.5 mm. The length is up to 26 mm (Table) . Two or three kinds of borings can cooccur within the same Orbitoides test. Tunnels include various fillings such as sparite, micrite, and micrite with iron. Siliciclasts can also be present in the tunnels. Some microborings have micritizied edge rims.
Comparison: The tunnels resemble Maeandropolydora sulcans. However, they differ by being more meandered in shape and by their lengths and diameters (see Nielsen and Görmüş, 2004 Akder e narrow tunnels, Curvichnus semorbis comprise wider irregular tunnels. Nielsen (2002) states that tunnel lengths of Curvichnus semorbis extend up to 5 mm, diameter 1.8 mm. The borings were formed by a parasite rotaliid Talpinella cunicularia (Baumfalk et al., 1982; Baumfalk and Nijholt 1984; Nielsen, 2002 Figure 7. 1-11. Maeandropolydora osmaneliensis from the Nallıhan area. 1a-1b. external and axial section. GUZ1_B. 2a-2b-2c. external views and equatorial section. GUZ7_1. 3a-3b. external view and equatorial section. GUZ7_2. 4. equatorial section. 12K3_24. 5. equatorial section. 16DE_14. 6. equatorial section. Güzelöz. 7. equatorial section. 15aDE_25. 8. equatorial section. 15aDE_21. 9. external view. Güzelöz. 10a-10b. external view and equatorial section. 15aDE_38. 11. equatorial section. 15aDE_23. Scale bars 1 mm. Nielsen et al., 2003; Wisshak et al., 2015) . Wisshak et al. (2015) indicate that the hole may penetrate right through the substrate as a penetration, where the substrate is a thin shell; or end within the substrate as a shallow to deep depression or short, subcylindrical pit. Their diameter is around 200 µm.
Occurrences: Oichnus simplex has been seen in the tests of Orbitoides medius in the Haymana area.
Discussion
The filling materials within microborings, relationship between fillings of the equatorial chamberlets and trace fossil, and edge views of borings and matrix contents of sediments yield some clues to depositional conditions and the history of microborings. Fillings of microborings include various material: sparitic filling (1), micritic filling (2), sparitic with rock clasts (3), sparitic with micritizied tunnel edges (4), and micritic filling with iron (5) (Figures  10-12) .
Observations on the Orbitoides tests show two kinds of microboring life modes, parasite and hermit types. Parasite type life mode is mainly related to regular narrow tunnels and microborings. Tunnels include various filling materials. It depends on the parasitic microborer size. A small benthic foraminifer lived as a parasite form within the Orbitoides test. It used the soft body of the larger benthic form to survive, and damaged equatorial chamberlets of the Orbitoides tests. It is thought that narrow openings of equatorial chamberlets let the microborer feed. Very narrow and wide tunnels are also seen within the same specimen. This shows that microborer was a juvenile form at the beginning, it then grew within the test or two different microborers damaged equatorial chamberlets. Baumfalk et al. (1982) reported the same kinds of occurrences from the southwest France. After the death of the larger benthic foraminifer and removal of the trace maker(s), tunnels were filled primarily with mud and siliciclastic particles. Orbitoides was a predominant organism in the fine-grained siliciclastics of the Nardin and Taraklı Formations in the Nallıhan area. This means that siliciclastic material was transported into microtunnels by water currents above the storm wave base in a shallow-marine paleoenvironment.
Iron effects and neomorphism were secondary occurrences towards the K/Pg boundary. During the uplifting, terrestrial influences and recrystallization to tunnels made micritic fillings with iron and neomorphic calcites.
Hermit life mode is generally associated with larger and irregular holes. It is assumed that the shape of holes provides a suitable place for hermit.
Embryos of the Orbitoides individuals comprise various filling materials and appearance. Sparitic, micritic, micritic with iron, and sparitic and micritic with clasts are seen within the embryo (Figure 13 ). Geopetal structure, tunnels, groves, and holes are also common within the embryo. Damaged embryos are due to bioeroding activity. Clastic fillings including minerals or mudy, carbonate intraclasts, andextraclasts of various rocks are from lower shoreface shallow-marine siliciclastic environments. Iron origin comes from the terrestrial effects after uplifting at K/Pg boundary. Abnormal growths of embryos having two stacked embryos in the centre of the form or more chamberlets within an embryo are thought to be related to reproduction of the Orbitoides.
If the Orbitoides tests are compared with siliciclast sizes of the environment, it is seen that the forms are much larger than clasts (Figure 14 ). The population mainly includes A-megalospheric forms. A single embryo, juvenile form, flattened adult form, and symmetrical concave forms having larger equatorial chamberlets are observed within the fine sandstones of the Taraklı Formation (Figure 14) .
The Orbitoides accumulation mainly includes reworked fossils derived from the same paleoenvironment. Broken tests are common due to reworking during transportation (Figure 14) . However, most of the individuals are unbroken and concave discoidal in shape. Within the sandstones, 30-40 m in thickness, abundance of Orbitoides varies between 2% and 30%. Associated benthic foraminifera fauna is less diverse in the Nallıhan area. Only a few other species are seen. It shows less diversity. The samples from the Haymana district contain a higher diversity of benthic foraminifers. Macrofauna is abundant in the both areas. Figure 15 shows In our specimens, Orbitoides tests were mainly seen as a hosting place for other smaller foraminifera in a lower shoreface to offshore paleoenvironment in the Nallıhan area during the Maastrichtian, particularly at the end of Maastrichtian (Figure 16 ). Endolithic smaller foraminifera such as Talpinella (Baumfalk et. al., 1982; Baumfalk and Nijholt, 1984) get into calcareous tests by using easy entrance of Orbitoides to have their food sources or hosting place. It is thougth that basal openings at each chamberlets make the parasitic smaller foraminifera to get use of protoplasm.
Based on the field, lithological, and faunal observations, a transgressive to regressive succession occurred during the Maastrichtian (Figure 16 ). Possible fringing and patch reefal occurrences having large rudist fauna are seen at the bottom of the Maastrichtian sediments. Overlying siliciclastics including abundant planktonics are related to transgressive succession. Orbitoides population and microborings from the lower shoreface to fore reef paleoenvironment of Maastrichtian sediments indicate a regressive succession towards the K/Pg boundary. Faunal contents of associated fauna, such as bivalves (i.e. Pecten sp., Exogyra sp.), gastropods (i.e. Turritella sp., Natica sp.), and corals (i.e. Cyclolites sp.), lithological charactersitics, support very shallow paleoenvironmental towards the boundary (Figure 16 ). Abundance of Orbitoides and microborings increase at the end of Maastrichtian. 
Conclusions
Microborings in the Orbitoides tests increase in number towards the Cretaceous/Palaeogene boundary (K/Pg). They belong to Maeandropolydora osmaneliensis Nielsen and Görmüş, Maeandropolydora isp., Curvichnus semorbis Nielsen, Oichnus simplex Bromley and Oichnus isp. Many of these microborings are related to parasitic life modes in lower shoreface to fore-reef shallow siliciclastic environment conditions, test shape, and easy entrance to the test for parasites. Hermit-type life mode tunnels are also seen. Smaller benthic foraminifera are seen in both microspheric and megalospheric Orbitoides tests as parasites. Filling materials such as micrite, micrite with iron, sparite, and fine-grained sediment are secondary occurrences during deposition. Narrow, too long tunnels F ne to med um gra ned sandstones Dereköy (NE Nallıhan) Güzelöz (NE Nallıhan) S vr tepe (NE Nallıhan) Em nc k (W Nallıhan) Osmanel (B lec k)
